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A "RUST-TORQUE DYNAMWTER IXC3HPCi?GATlG HYDROSTATIC MOTOR SITpPcERT 

By E a r l  V a n  Landingham, R.  L. Swiin, and Harry F. Weber 

NASA, Iangley Research Center 

The National Aeronautics and Space Achlnistration's Langley Research . 
Center has developed and i s  continuing the Inprovement of the Scout Research 
Vehicle, the first all-solid-propellarit vehicle proven t o  have orb i ta l  capa- 
b i l i t i e s .  Dur ing  the Scout flight program several unusual-phenomena have 
been discovered, which have led t o  further investigation. 
the apparent self-induced torque developed by the third-stage motor. 
Research Center vehicles other t h a n  the Scout u t i l i ze  f i n s  or  spinning for 
stabil ization which may mask any irduced tsrque tendencies existing i n  these 
motors. Thus any r o l l  which has previoilsly been experienced was intentional 
or attr ibuted t o  a misalinement of tine fins. When it was found that the 
X-254 motor rolled i n  an environment where no appreciable external forces 
existed, it was decided t o  investigate t h i s  phenmenon i n  a s t a t i c  test 
environment where there would be no external forces t o  consider. 

- 

One of these was 
Langley 

The objectives of t h i s  research program are t o  construct en apparatus 
which would: 

1. Accurately measure the self-induced torque tendencies of a rocket 
motor 

2. Be sufficiently versat i le  t o  accommodate many sizes of r o c k t  motors 

3. Require a minimum s e t  up time 

4. Supply the above-mentioned torque data xithout sacrificing accuracy 
i n  obtaining rocket ba l l i s t i c  data 

4 

Rocket motor self-induced torque was f i rs t  detected during the f l i gh t  
of ST-1, when the control system designed t o  correct up t o  approximately 
10 foot-pounds of torque was overpowered and the vehicle rolled as much as 
210° before this effect  subsided. This is  equivalent t o  a maXirmrm torque of 
18 foot-pounds. 
increased t o  5 foot-pounds and, as a result, the vehicle r o l l  was rest r ic ted 
t o  9' corresponding t o  a msxirmrm torque of 10 t o  E foot-pounds. 
stage of the Scout vehicle is the high-performance, fiberglass plastic, 
2,300-pound Antares X-254, A-lmotor shown i n  figure 1. 
from the  5OO-pound X-248 motor (very simiZar i n  case construction) originally ' 

developed fo r  Vanguard third-stage propulsion. 

For the ST-2 flight, the control system's capacity was 

m e  third 

This motor evolved 

A cast  double-base propellant designated B W  is  employed i n  both the 
X-24-8 and X-254 rocket motors. This propellant i s  only s l ight ly  aluminized 
as contrasted with 16 t o  20 percent u s u d l y  found i n  high-impulse s y s t e m s .  
The propellant port configuration i s  a single perforated tube, slotted near 
the nozzle end t o  yield sliverless burnout. S ta t ic  f i r ings  have shown that 
both of these motors exhibit very high vibration levels indicating ccnibustion 
ins tab i l i ty .  
tuning fork located within the combustion chamber t o  suppress resonance and 

As i n  the X-248, the X-254 has a paddle shaped similar t o  a 
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unstable burning t o  acceptable le-jels. 
X-254 notors s ta t ica i ly  tested a% A.E.D.C. revealed that the paclclles were 
twisted. 
direction as the direction of r o l l  of t he  Scout vehicle. 

Pos t  f i r e  inspec t ion  of the paddles i n  

It i s  significant t o  r40te 5 h t  Yrie Fddles  were twisted i n  the same 
c 

* I n  order t o  investigate t h i s  probler?,, a dynamometer was designed, fabr i -  
cated, and tested t o  measure accurately the b a l l i s t i c  Troperties of a rocket 
motor with up t o  l2,OOO pounds of thnist w h i l e  sknultaneously measuring r o l l  
i n  e i ther  direction. Also, with t h i s  design, complete vibrational data can. 
be taken during s t a t i c  f i r i ng  i n  order tkat the  tendency t o  r o l l  can be corn-. 
pared t o  the vibrational levels. 
design and operation of the dynmometer. Typical resulu attained with this 
apparatus are included. 

This pa?er w i l l  describe primarily the 

DESCRIPTIOR OF DYNAMOMETER , 

The thrust-torque dynamometer i s  designed t o  adapt t o  the existing IlRC 
This existing stand is capable of thrust  stand which i s  shown i n  figure 2. 

handling motors up t o  40 inches i n  diameter and thrust levels up &o 
50,OOO pounds. 

When the dynamometer i s  added, the existing motor supports shown i n  
figure 2 are replaced by the much larger motor support rings of the dynamom- 
e ter  as s h m  i n  figure 3. e 

- In  addition t o  these motor support rings, the dynamometer consists 
essentially of a conical thrust  adaptor, several radial and axial hydrostatic 
lift pads, a torque arm, and a continuous-flow oil-pumping system. . 

As shown i n  figure 3, there are three radial hydrostatic l i f t  pads 
equally spaced around both fore and aft motor flange mounting rings 
operation, the s l x  radial l i f t  pads a t  the end rings rest rain the motor 
against movement i n  the l i f t ,  side force, yaw, and pitch directions while 
leaving it free and essentially f r ic t ionless  i n  the thrust  and r o l l  
directions 

In 

% 

Two axial  l i f t  pads located i n  front of the conical-shaped thrust  
I adapter transmit the thrust  forces t o  a strain-gage load c e l l  while leaving 

. the motor f ree  t o  roll. 

A n  idea of the principle of operation of the l i f t  pads may be obtained 
from figure 4. 
cavity of the l i f t  pad through a f low adjustment valve, f i l l s  the cavity, 
and exits under the closely f i t t i n g  land around the periphery of the pad. A t  
zero applied load, zero pressure i s  required i n  the cavity t o  maintain equi-. 
librium, therefore the o i l  forces the pad upward u n t i l  a re la t ively large 
gap under the land i s  reached. 
cavity t o  the atmosphere approaches zero; the ent i re  drop frm supply pres- 
sure t o  atmospheric w i l l  take place across the valve. 
pressure i s  required in  the cavity t o  main ta in  conditions of equilibrium. 
The gap at the land decreases and pressure i n  the cavity builds up. 
t o t a l  pressure drop from supply t o  atmospheric i s  now divided between the 
valve and the restr ic ted passage through the gap; therefore, flow has 
decreased. A t  maximum capacity load the gap has decreased t o  the point that 
loca l  i r regular i t ies  i n  the surfaces at the gap,begiri metal-to-metal contact 

O i l  from the external pumping system enters the center 

A t  t h i s  time the pressure drop from the 

A s  a load is  applied, 

The 



and f r ic t iona l  resistance t o  l a t e r a l  mvc-xent begins. 

The pads possess limited capacity t o  sustain overturning movements 
through redistribution of the pressure d r o p  along the restr ic ted passage a t  
the gap; the spherical seats are  designe3 t o  keep f r ic t ion  moments within 

0 t h i s  limit. 

ASSOCIATED EQUIPMENT &?ID PE-TEST CHECKOUT P.ROCZDU€E 

The dynamometer i s  equipped with a 1/2-pound electro-dynamic shaker, 
An SR-4 which applies a known torque at  a knom frequency t o  the system. 

s t ra in  indicator was attached t o  the 5O-pound c e l l  whichms used t o  measure 
the torque. Using the SR-4 s t r a i n  indicator i n  conjwction with the shaker, 

repeatedly indicated that the dwanometer was free, the system was calibrated 
by placing 2-pound weights on pans located on e i ther  side of the rocket 
motor. 
u n t i l  approximately lminute  pr ior  t o  start of t e s t .  

. an  indication of the freedom of the system could be obtained. When it was 

The shaker continues t o  run throughout the t e s t  and i s  monitored up 

P R E L r n T A R Y  Sysm, TESTS 

An i n i t i a l  system check was made by measuring the thrust of a Thiokol 
Cajun rocket motor while external torqce was applied t o  it, as shown i n  f ig-  
ure 5 .  
dicular t o  and approximately 6 inches from the  Cajun thrust axis, on a ring 
attached t o  the motor support ring. 
was thrusting, a known torque was introduced in to  the system. 
these tests are shown i n  figure 6. 
history of the 0.6KS40 when f i red  while mounted on a Cajun motor thrusting 
and on an ine r t  Cajun coxripares favorably with the torque time history computed 
from 0.6KS40 nominal thrust time data. 

An Atlantic Research Company 0.6KS40 rocket motor was mounted perpen- 

By f i r ing  the 0.6~S40 while the Cajun 
The results of . It can be seen that the torque t i m e  

Based on the resu l t s  of these preliminaxx system checkouts the X-254 
motor was mounted i n  the dynamometer i n  ?repiration f o r  s t a t i c  testing. 
system was calibrated as previously described and the tes t  was sucCessfuI3.y 
conducted. 

The 

Typical data obtained with th i s  dy-nanometer are given i n  figure 7, 
showing thrus t  and torque versus time f o r  the X-234 motor s t a t i c  f i r ing .  The 
thrust and t o t a l  impulse measured were within 1 percent of the nominal values 
f o r  the motor. 

It can be seen from the torque versus time record that fo r  about the 
f i rs t  10 seconds the motor osci l la tes  i n  torque about a zero mean. For about 
the next 16 seconds there i s  a torque of approximately 2 f o r n u n d s  counter- 
clockwise. 
reaching peaks of approximately 1 2  foot-pounds. 

After t h i s ,  a sustaimd torque of a much greater magnitude occurs, 

These values, ranging from ap?roxirrately 8 t o  12 foot-pounds, carpare 
with the value of 14 t o  18 foot--,olmds which were experienced on actual Scout 
f i r i ngs .  These resu l t s  demonstrate that the thrust-torque dynamometer is a 
useful research too l  for  measuriqg rocket motor torque i f  it exists, while, 
a t  the  same time, accurately measuring thrust .  
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